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FIELD OF THE INVENTION 
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BACKGROUND 

Cancer is an abnormal growth of cells. In particular, this abnormal growth is 
unresponsive to normal physiological restraints on cell growth. In some cases the production or 
growth of cells is warranted and necessary. In some cases, new cell growth is mandated by the 
death of existing cells. The death of cells can be random, caused by a myriad of conditions such 
as lack of nutrients, cellular damage, infection or exposure to toxins. However, in some cases 
the death of cells follows a controlled program. This phenomenon is known as apoptosis. 
Apoptosis is also known as planned cell death or controlled cell death. The death of cells by 
apoptosis differs in many respects from the death of cells by other means. Cells that die as a 
result of apoptosis exhibit hallmark molecular and physiological features that are distinct from 
those of cells hat die as a result of necrosis (Kanduc et al., 2002). The process of apoptosis is 
characterized by several molecular features. One is the production of enzymes that causes 
cleavage of intracellular DNA that can be seen as a laddering pattern following gel 
electrophoresis (Shiokawa et al., 2002). Apoptosis is also characterized by zeiosis or blebbing of 
cell nuclei (Coleman et al., 2001). These features contrast with those associated with cell death 
by necrosis, which show no systematic breakdown of DNA and is usually accompanied by 
inflammation (Sauter et al., 2000). Apoptosis has proven to be an intriguing option for those 
seeking additional methods of treating cancer because it is considered to be a more gentle 
treatment and likely to result is less unwanted damage to otherwise healthy cells. 

Current treatments for cancer are centered on chemotherapeutic agents and radiation 
therapy. The goal of these two regimens is usually considered to be the killing of rapidly 
dividing cells by interfering with processes involved in the replication of cells. These treatments 
exploit the susceptibility of dividing cells to certain agents. Some of these methods include 
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treatments designed to damage microtubule assembly during mitosis such as colchicine and 
paclitaxel (Kaufmann and Earnshaw, 2000). There are other chemotherapeutic drugs that 
interfere with the replication of DNA such as doxorubicin and epirubicin (Buschini et al. y 2003). 
While these therapies are targeted to cancerous cells, they have similar effects on otherwise 
healthy cells involved in the cell division process. Therefore there is a need to develop alternate 
treatments for cancer that pose less of a danger to otherwise healthy cells. 

Current examples of compounds that are used to treat cancer are usually considered to be 
effective due to their ability to interfere with the processes involved with cell division. However, 
there is growing evidence that some of these molecules are also able to induce apoptosis in the 
cancer and otherwise healthy cells (Kaufmann and Earnshaw, 2000). Researchers have been 
able to observe some of the characteristic features of apoptosis in cells subjected to currently 
used chemotherapeutic drugs. Many of the compounds used to treat cancer are also toxic to 
otherwise healthy cells. This is also true of some of the compounds used to induce apoptosis. 
The development of methods of treatment that utilize apoptosis as a treatment for cancer present 
a threat to otherwise healthy cells. Therefore methods of reducing the amount of an agent 
needed to induce apoptosis would be of great therapeutic benefit in the development of apoptotic 
cancer therapeutics. 

Some of the molecules currently used to induce apoptosis are tumor necrosis factor alpha, 
ultraviolet light and Fas antibodies. These agents are routinely used to induce apoptosis in 
laboratory models of cancer. Several of the agents have limited suitability as possible treatment 
agents in individuals because of the physical nature of the treatment. For example ultraviolet 
light has only a limited ability to penetrate cells or the tissues of an individual. Some agents 
such as tumor necrosis factor alpha are peptides that require expensive synthesis and would 
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prove costly as treatments for individuals. Because of these limitations, any treatments that are 
able to enhance the apoptotic effect of known inducers of apoptosis or chemotherapeutic agents 
would be beneficial. 

SUMMARY OF THE INVENTION 

The present invention relates to novel compositions and methods for the treatment of 
various types of cancers. In one aspect of the invention, the invention involves compounds 
having the formula [CH3OR1 -NH 2 -CO-NH-CH 2 -CH 2 -S] 2 where CH3OR1 is a terminal ester 
derived from an aspartate or glutamate amino acid residue. 

In another aspect of the invention, the invention involves compounds having the formula 
[CH3OR1-R2-R3 . . ..R n -NH 2 -CO-NH-CH2-CH 2 -S]2 where CH3OR1 is a terminal ester derived 
from an aspartate or glutamate amino acid residue and R2 R3. - - Rn are amino acid residues. 

In another aspect of the invention the invention involves a method of treating cancer by 
administering to a patient a compound having the formula [CH3OR1 -NH 2 -CO-NH-CH 2 -CH2 -S] 2 
where CH3OR1 is a terminal ester derived from an aspartate or glutamate amino acid residue. 

In a further aspect of the invention, the invention involves a method of treating cancer in 
by administering to a patient a compound having the formula [CH3OR1-R2-R3 ....R n -NH2-CO- 
NH-CH2-CH2-SL where CH3OR1 is a terminal ester derived from an aspartate or glutamate 
amino acid residue and R 2 R3. . . Rn are amino acid residues. 

In another aspect of the invention, the invention involves a method of treating cancer by 
administering to patient a compound having the formula [CH3OR1 -NH 2 -CO-NH-CH 2 -CH 2 .S] 2 
where CH3OR1 is a terminal ester derived from an aspartate or glutamate amino acid residue and 
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where said compound is administered in conjunction with or prior to the administration of a 

chemotherapeutic agent. 

In another aspect of the invention, the invention involves a method of treating cancer by 
administering to patient a compound having the formula [CH3OR1 -NH2-CO-NH-CH2-CH2 .S] 2 
where CH3OR1 is a terminal ester derived from an aspartate or glutamate amino acid residue and 
where said compound is administered in conjunction with or prior to the administration of a 
chemotherapeutic agent, said chemotherapeutic agent being an inducer of apoptosis. 

In a further aspect of the invention, the invention involves a method of treating cancer by 
administering to a patient a compound having the formula [CH 3 ORi-R2-R3 . . -Rn -NH 2 -CO-NH- 
CH 2 -CH 2 -S] 2 where CH3OR1 is a terminal ester derived from an aspartate or glutamate amino 
acid residue and R 2 R3 . . . R n are amino acid residues and where said compound is administered in 
conjunction with or prior to the administration of chemotherapeutic agent. 

In a further aspect of the invention, the invention involves a method of treating cancer by 
administering to a patient a compound having the formula [CH3OR1-R2-R3 - - • Rn -NH2-CO-NH- 
CH 2 -CH 2 -S] 2 where CH3OR1 is a terminal ester derived from an aspartate or glutamate amino 
acid residue and R2R3... R n are amino acid residues and where said compound is administered in 
conjunction with or prior to the administration of chemotherapeutic agent, said chemotherapeutic 
agent being an inducer of apoptosis. 

In another aspect of the invention, the invention involves a method of treating cancer by 
administering to a patient the compound cystine dimethyl ester. 

In another aspect of the invention, the invention involves a method of treating cancer by 
administering to a patient the compound cystine dimethyl ester in conjunction with or prior to the 
administration of a chemotherapeutic agent. 

5 
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In another aspect of the invention, the invention involves a method of treating cancer by 
administering to a patient the compound cystine dimethyl ester in conjunction with or prior to the 
administration of a chemotherapeutic agent, said chemotherapeutic agent being an inducer of 
apoptosis. 

DETAILED DESCRITPITON OF THE INVENTION 

The present invention involves compounds and methods for treating cancer. In 
accordance with the present invention, cysteine dimethyl ester (CDME) is administered to a 
patient diagnosed with cancer as part of a therapeutic regimen that includes one or more 
chemotherapeutic agents. As a preferred embodiment, the chemotherapeutic agent is a 
compound that induces apoptosis. In another preferred embodiment, the cancer is an epithelial- 
derived cancer. Examples of epithelial derived cancers include renal cell carcinoma and 
pancreatic cancer. 

Another aspect of the present invention involves novel compounds having the formula 
[CH 3 OR,-R 2 -R3*....Rn -NH 2 -CO-NH-CH 2 -CH 2 -S]2 where CH 3 OR! is a terminal ester derived 
from an aspartate or glutamate amino acid residue and R 2 R 3 . - . R n are amino acid residues. As a 
preferred embodiment, the compound has the formula [CH3OR1 -NH 2 -CO-NH-CH 2 -CH 2 _S] 2 
where CH3OR1 is a terminal ester derived from either an aspartate or glutamate amino acid 
residue. As an example, the compound aspartyl-cystamine disulfide is shown in Figure 7. 

Another aspect of the present invention involves administering a compound having the 
formula [CH30Ri-R 2 -R3 . . . .R n -NH 2 -CO-NH-CH 2 -CH 2 -S] 2 where CH3OR1 is a terminal ester 
derived from an aspartate or glutamate amino acid residue and R 2 R 3 . . . R n are amino acid 
residues, to a patient diagnosed with cancer as part of a therapeutic regimen that includes one or 
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more chemotherapeutic agents. As a preferred embodiment, the compound has the [CH3OR1 - 
NH 2 -CO-NH-CH 2 -CH 2 -S] 2 where CH3OR1 is a terminal ester derived from either an aspartate or 
glutamate amino acid residue. As further a preferred embodiment, the chemotherapeutic agent is 
a compound that induces apoptosis. In another preferred embodiment, the cancer is an epithelial- 
derived cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. The effect of MEA or cystine dimethylester (CDME) on apoptosis in semi -confluent 
nephropathic cystinotic or normal fibroblasts. Apoptosis was assayed by CaspACE. 
Nephropathic cystinotic fibroblasts (passage 7-13) were treated with cysteamine 1 hour before 
exposure to apoptotic triggers, depleting them to a normal lysosomal cystine content (0.01 to 
0.13 nmol of cystine per mg of protein). Normal fibroblasts also at passage 7-13 were pretreated 
with 0.5mM CDME for 1 hour before apoptotic triggers, loading their lysosomes with cystine to 
the cystinotic range (0.47 to 1.95 nmol of cystine per mg of protein). They were then treated with 
apoptotic stimuli and incubated for 16 hours while in cystine-free or CDME-containing medium. 
Apoptosis was assayed by CaspACE. 

Figure 2. (A through D) The effect of lysosomal cystine in normal and nephropathic cystinotic 
fibroblasts. Nephropathic cystinotic fibroblasts were exposed to UV light (60 mJ) (A) or 
pretreated with 1.0 mM MEA for 1 h and then exposed to UV light (60 mJ) (B). Normal 
fibroblasts were exposed to UV light (60 mJ) (C) or pretreated with 0.5 mM CDME for 1 hour 
and then exposed to UV light (60 mJ) (D). Apoptosis was then assessed by CaspACE and 
photographed by fluorescent microscopy. The cystine content of parallel plates was as follows: 
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A, 4.0 nmol/mg protein; B, 0.01 nmol/mg protein; C, <0.01 nmol/mg protein; D, 1.95 nmol/mg 
protein. 

Figure 3. The effect of CDME or MEA on the morphology of normal or nephropathic cystinotic 
fibroblasts. Fibroblasts were cultured under the usual conditions and exposed to TNF-a for 16 
hours as described in Materials and Methods. Panels a through c are normal fibroblasts; panels d 
through f are nephropathic cystinotic fibroblasts. Panels b and e show cells after TNF-a exposure 
alone; panels c and f show the effect of CDME in normal sells (c) or MEA in cystinotic cells (f). 
Note typical apoptotic morphology in panels b, c, and e, with more apoptotic cells in e 
(cystinotic) than b (normal). Enhanced apoptosis is seen in normal cells to which CDME is 
added (c). More normal morphology is seen in nephropathic cystinotic cells after MEA treatment 
(f). Photographs via phase microscopy. 

Figure 4. Loss of colocalization of cathepsin B in normal and nephropathic cystinotic fibroblasts 
after TNF-a exposure. Fibroblasts were maintained under normal culture conditions, exposed to 
TNF-a, loaded with Lysotracker red, fixed, and stained for cathespin B using an an ti -cathepsin B 
antibody as described in Materials and Methods. Panels a through f are normal fibroblasts; a 
through c are control cells; d through f are treated with TNF-a. Panels g through 1 are cystinotic 
fibroblasts; g through i are control; j through 1 are treated with TNF-a. 

Figure 5. The effect of CDME on apoptosis in renal proximal tubule epithelial (RPTE) cells. 
Semi-confluent RPTE cells were treated with either 0.25 mM CDME or TNF-a, harvested at 0.5, 
1, 3, and 6 hours, stained with TUNEL, and enumerated by fluorescence microscopy. 
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Figure 6. The effect of CDME on apoptosis in RPTE cells. Fluorescent micrographs of the cells 
in Figure 5 are shown at 0.5, 1, 3, and 6 hours (A through D, respectively). 

Figure 7. Aspartyl-cystamine disulfide. 

Figure 8. Effect of Various Compounds on Rate of Apoptosis. 

EXAMPLES 

Cystine Binding Protein Assay 

Intracellular lysosomal free cystine was determined using a cystine binding protein 
(CBP) assay as described. CBP was procured from Riverside Scientific. The assay has a 
sensitivity of 0.1 pM. Total cell protein was determined by a modification of the Lowry method . 
Statistical analyses were performed using paired t test for means with SSPS for Windows. 

Immunhistochemistrv of Normal and Cvstinotic Fibroblasts 

Cells were stained with Lysotracker Red (Molecular Probes) for 5 min at room 
temperature, washed twice in PBS, and then fixed in 4% formalin for 1 hour. Slides were 
immersed in blocking buffer (PBS, pH 7.2, 0.5% Carnation dry milk, 0.1% Triton X-100) for 20 
min at room temperature, washed twice in PBS, and then incubated with primary antibody (anti- 
cathepsin B, Santa Cruz Biotechnologies) diluted 1:100 for 2 hours at room temperature, 
followed by incubation with secondary antibody (FITC-conjugated rabbit anti-goat, Santa Cruz 
Biotechnologies), at 4°C overnight. Slides were washed twice with PBS and then sealed with 
cover slips and viewed using a Leica DMRX deconvoluting microscope. 
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Effect of Various Compounds on Rate of Apoptosis 

Cells were incubated with various apoptotic compounds at a concentration of 0.5 mM for 
16 hours. The structures of the treatment compounds are shown in Figure 8. Following 
incubation, cells were stained with CaspASE. Fluorescence-activated cell sorting (Beckman 
Coulter Epics Elite) was used to determine the percentage of cells undergoing apoptosis from 
each treatment group. 

Cell Culture 

Normal and cystinotic fibroblasts were purchased from The Coriell Mutant Cell 
Repository, and cultured in Coon modification of Ham F12 medium, supplemented with 10% 
fetal calf serum (FCS). Renal proximal tubule epithelial (RPTE) cells were purchased from 
Biowhittaker, cultured in renal epithelial basal medium supplemented with one Singlequots kit 
per 500 ml to make renal epithelial growth media (REGM, Biowhittaker). Fibroblasts and RPTE 
were maintained in a 5% carbon dioxide, 95% air, humidified incubator at 37°C. Induction of 
apoptosis and assays for its detection were performed using commercially available reagents. 
Normal and cystinotic fibroblasts were matched for passage number and cell density, and then 
exposed to one of three apoptotic triggers: TNF-a (2 ng/ml) with actinomycin D (2.5 \ig/ml) for 
16 h; anti-Fas antibody (500 ng/ml) with actinomycin D (2.5 \i% /ml) for 16 h; or UVB light (60 
mJ). After exposure, the cells were maintained in Coon modification of Ham F12 medium for 16 
hours before analysis. The cells were then assayed for apoptosis. Serum withdrawal was also 
used as an apoptotic stimulus, in which case the cells were incubated in F12 medium without 
serum for 24 hours and then analyzed for apoptosis as described. Three commercially available 
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apoptosis assays were employed. CaspACE (Promega) is an FITC-conjugated cell -permeable 
form of the pan-caspase inhibitor zVAD-Fmk, which binds to activated caspase(s). 

Cells were incubated in FITC-VAD-Fmk-<;ontaining medium (10 *iM for 30 minutes at 
37°C), washed, and then fixed in 10% buffered formalin (30 minutes at room temperature) 
before analysis. TUNEL employs terminal deoxynucleotidyl transferase (TdT) to label the ends 
of double-stranded DNA breaks, which occur in apoptotic cells, with FITC-conjugated dUTP. 
Cells were fixed in 4% buffered formalin, washed, incubated in permeabilization solution (0.1% 
Triton X-100 in 0.1% Na Citrate) for 2 minutes on ice and then stained with 25 jxl of TdT/45 j-il 
of labeled dNTP mix for 40 min at 37°C. Annexin V-propidium iodide (PI) staining was 
performed as described (Annexin V Fluos kit directions, Roche Laboratories). The cells were 
visually enumerated by fluorescence microscopy, scoring a minimum of five fields (250 to 300 
cells) for fluorescence in triplicate followed by counting all cells in the same field by light 
microscopy, with a minimum of 750 cells scored per condition. The apoptosis rate is the total 
number of cells that fluoresce divided by the total cells in the field. 

Lysosomal cystine depletion of cystinotic fibroblasts was accomplished by treatment with 
1 mM cysteamine-HCl(Sigma) in Ham F12 medium lacking cystine (Life Technologies), with 
10% FCS, for 1 hour followed by exposure to the apoptotic triggers in cystine-free medium to 
inhibit cystine re-accumulation. Normal fibroblast lysosomes were loaded with cystine by the 
addition of 0.5 mM cystine dimethylester (CDME, Sigma) to normal culture medium for 1 hour 
before treatment. The cells were treated with apoptotic triggers as described above, leaving 
CDME in the medium to prevent lysosomal cystine loss, and then analyzed for apoptosis as 
described. Lysosomal cystine loading of RPTE cells was accomplished by exposure to 0.1 mM 
or 0.25 CDME in normal REGM for 1 hour before treatment with or without apoptotic triggers. 



11 



■ 



Results 

The cell lines studied, their genotypes, and nominal cystine content are listed in Table 1. 
The mutations in cell lines GM00008, GM00760, and GM00046 cause typically severe 
nephropathic cystinosis with ESRD by 10 yr of age. The cystine content shown in the cystinotic 
lines in Table 1 varies between 0.8 and 15.7 nmol/mg protein, which is that typically seen in 
cultured cystinotic fibroblasts. Apoptosis induced in three nephropathic cystinotic, two normal, 
one intermediate cystinotic, and one ocular cystinotic fibroblast line by three separate inducers is 
shown in Tables 2 and 3. In Table 2, apoptosis in these lines was assessed by CaspACE. The 
cystinotic cells on average display about 2 to 3 times the apoptotic rate for the three apoptotic 
triggers compared with the normal cell lines. The cystinosis variant lines do not show increased 
apoptosis under these conditions. The differences are statistically significant at P +/- 0.05 
between the averages for cystinotic and normal lines and between nephropathic and ocular 
cystinotic lines. There is no significant difference in the rate of apoptosis between intermediate 
and nephropathic lines, ocular cells and normal cells, or intermediate versus normal cells (Table 
2). Similar results were obtained when the cells were analyzed by TUNEL, except that line 
GM00008 did not differ significantly from the normal lines' response after anti-Fas or UV 
exposure, nor did line GM00046 after TNF-ct exposure (Table 3). Again, the variant lines did not 
show augmented apoptosis compared with the normal fibroblast lines. 





Table 1. Genotype and cystine content of cell lines 




Cell Line 


Phenotvpe 


Genotvne 


Cystine Content 








(nmol/mg protein) 


GM00008 


Nephropathic 


46XX, 65-kb del 


7.5 


GM00760 


Nephropathic 


46XY, 753 G3A, premature stop 


0.78 


GM00046 


Nephropathic 


46XY, 5-bp del, frameshift 


1.51 


GM08761 


Ocular 


46XX, not determined 


6.29 


GM00379 


Intermediate 


IVS11_2T3C 


15.7 


GM00010 


Normal 


46XY, apparently normal 


0.01 


GM05399 


Normal 


46XY, apparently normal 


0.01 


RPTE 


Normal 


46XY, apparently normal 


0.6 
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Table 2. The apoptosis rate in cystinotic nephropathies variant, and normal fibroblasts 

% Apoptosis 
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14.8 


18.1 


17.4 


2.5 


GM08761 


Ocular 


8.2 


5.9 


6.4 


2.3 


GM00379 


Intermediate 


11.4 


7.7 


8.4 


3.1 


GM010 


Normal 


9.2 


6.5 


7.0 


2.8 


GM05399 


Normal 


6.3 


4.9 


7.2 


1.9 


Average 




7.8 


5.2 


7.1 


2.4 



GM00008 
GM00760 
GM00046 
Average 



Table 3, The apoptosis rate in normal and cystinotic fibroblasts cell 



Phenotype 

Nephropathic 

Nephropathic 

Nephropathic 

Nephropathic 



GM08761 
GM00379 
GM00010 
GM05399 
Average 



Ocular 

Intermediate 

Normal 

Normal 

Normal 







%Apoptosis 




TNF-a 


Anti-Fas 


UV 


Control 


17.1 


12.3 


13.7 


3.1 


19.3 


17.7 


21.6 


2.4 


15.3 


15.9 


19.2 


2.6 


17.2 


15.3 


18.2 


2.7 


5.5 


7.1 


6.8 


3.4 


8.2 


8.5 


8.5 


2.8 


12.8 


9.6 


11.9 


2.4 


11.4 


10.5 


7.6 


2.4 


12.1 


10.1 


9.8 


2.4 



Modulation of the apoptotic response by altering the lysosomal cystine content of normal 
or nephropathic cystinotic fibroblasts is shown in Figure 1. The bar graphs show the apoptosis 
rates induced by exposure of two cystinotic and two normal cell line cells to TNF-a or UV 
radiation before and after correction of the cystine content of nephropathic fibroblasts to normal 
levels with MEA and before and after increasing the cystine content of normal fibroblasts to 
cystinotic levels by pre-incubation with CDME. The mean rate of apoptosis for the cystinotic 
cells before cystine depletion was 15.6 +/- 2.7%; after cystine depletion by exposure to MEA, it 
fell to 6. This difference is significant at P < 0.001. The average control apoptotic rate for the 
normal fibroblast lines was 7.2 +/- 1.3%, which rose to 18.7 +/- 5.4% after exposure to CDME 
(P< .001). The effect holds whether induction was by TNF-a or UV light. Representative 



fluorescence micrographs displaying this effect after UV exposure are shown in Figure 2. The 
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high rate of apoptosis in cystinotic fibroblasts with initial cystine content of 4.0 nmol/mg protein 
is shown in Figure 2A. This fell after treatment with cysteamine, which lowered the cystine 
content to < 0.1 nmol/mg protein (Figure 2B). The normal rate of apoptosis in normal fibroblasts 
(cystine content <0.1 nmol/mg protein) is shown in Figure 2C, and this increases to a rate similar 
to that seen in cystinotic fibroblasts after pre-exposure of the cells to CDME (Figure 2D), which 
increased the cystine content to 1.95 nmol/mg protein. Representative phase micrographs of 
fibroblasts treated with TNF-a, showing characteristic apoptotic morphology, and the effect of 
lysosomal cystine on apoptosis are shown in Figure 3, in which typical blebs in the plasma 
membrane are seen after treatment with TNF-a in both normal and cystinotic cell lines and the 
modulating effects of MEA and CDME on apoptosis are seen. Serum withdrawal in cultured 
fibroblasts caused less apoptosis above baseline than the other stimuli employed; however, 
increasing lysosomal cystine, either naturally due to defective CTNS function or artificially due 
to CDME loading, again resulted in an increased apoptotic rate (Table 4). 

Table 4. Apoptosis in normal and nephropathic cystinotic fibroblasts exposed to serum withdrawal 
Condition %Apoptosis 

GM00008 GM05399 

Untreated controls 2.8 3.1 

Serum withdrawal 8.7 6.1 

Serum withdrawal and MEA 7.2 

Serum withdrawal and CDME — 37.3 

To substantiate that lysosomes are permeabilized by TNF-a under these conditions, 
cathepsin B (a lysosomal cysteine protease) was localized by immunohistochemistry in normal 
and nephropathic cystinotic cells before and after induction of apoptosis. Lysosomes were 
identified with Lysotracker red dye. In both normal and cystinotic fibroblasts before TNF-a 
treatment, cathepsin B (green) displays a punctuate pattern that is closely associated with the red 
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lysosomal dye. Induction of apoptosis by TNF-a causes a translocation of cathepsin B from a 
lysosomal location to a diffuse cytosolic location, with loss of co-localization of color (Figure 4). 

Cultured human renal proximal tubule epithelial cells display marked sensitivity to 
apoptosis after CDME exposure (Table 5). The concentration employed in fibroblasts (0.5 mM) 
was toxic to these cells and was decreased to 0. 1 or 0.25 mM for the RPTE experiments. The rate 
of apoptosis produced by 0.25 mM CDME alone was equal to that induced by exposure to TNF- 
a alone (Figure 5). The time course was accelerated, with these cells attaining a maximum rate 
of apoptosis within 6 hours, (as opposed to 17 hours in fibroblasts) followed by lysis and release 
from the culture dish. The RPTE cystine content after exposure to 0.25 mM CDME for 1 hour 
was 1.99 nmol/mg protein. Representative fluorescence micrographs at each time point are 



shown in Figure 6. 



Table 5. Percentage of apoptosis induced by selected compounds 

Compound % Apoptosis 

Control 5.3 
Cystine 8.3 
CDME 39.7 
Cystamine 5.0 
Djenkolic Acid 5.8 
DKADME 6.0 
Penicillimine disulfide 4.5 
PDDME 5.8 
Cys-ala disulfide 5.1 
CADME 4.8 
Cys-gly disulfide 4.4 
CGDME 7.4 
Cys-val disulfide 6.3 
CVDME 4.5 
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CLAIMS 



I claim: 



1. A method of treating cancer consisting of administering to a patient cystine dimethyl 
ester, and a pharmaceutically acceptable carrier. 
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